In macrophages, the accumulation of cholesteryl esters synthesized by the activated acyl-coenzyme A:cholesterol acyltransferase-1 (ACAT1) results in the foam cell formation, a hallmark of early atherosclerotic lesions. In this study, with the treatment of a glucocorticoid hormone dexamethasone (Dex), lipid staining results clearly showed the large accumulation of lipid droplets containing cholesteryl esters in THP-1-derived macrophages exposed to lower concentration of the oxidized low-density lipoprotein (ox-LDL). More notably, when treated together with specific anti-ACAT inhibitors, the abundant cholesteryl ester accumulation was markedly diminished in THP-1-derived macrophages, confirming that ACAT is the key enzyme responsible for intracellular cholesteryl ester synthesis. RT-PCR and Western blot results indicated that Dex caused up-regulation of human ACAT1 expression at both the mRNA and protein levels in THP-1 and THP-1-derived macrophages. The luciferase activity assay demonstrated that Dex could enhance the activity of human ACAT1 gene P1 promoter, a major factor leading to the ACAT1 activation, in a cell-specific manner. Further experimental evidences showed that a glucocorticoid response element (GRE) located within human ACAT1 gene P1 promoter to response to the elevation of human ACAT1 gene expression by Dex could be functionally bound with glucocorticoid receptor (GR) proteins. These data supported the hypothesis that the clinical treatment with Dex, which increased the incidence of atherosclerosis, may in part due to enhancing the ACAT1 expression to promote the accumulation of cholesteryl esters during the macrophage-derived foam cell formation, an early stage of atherosclerosis.
INTRODUCTION
Atherosclerosis and its complications, coronary heart disease and stroke, constitute the most common cause of mortality, and become the pre-eminent health problem worldwide. In broad outline, atherosclerosis could be considered to be a chronic inflammation process, which could ultimately lead to the development of complex lesions or plaques, protruding into the arterial lumen [1, 2] . Although the recruitment of monocytes to the arterial wall and their subsequent differentiation into macrophages might initially serve a protective function by removing cytotoxic and proinflammatory particles of the cell-oxidized low-density lipoprotein (ox-LDL) or apoptotic cells, progressive accumulation of macrophages and their uptake of lipoprotein-derived cholesterol ultimately led to development of atherosclerotic lesions [1, 2] . The development of macrophage-derived foam cells that contain massive amounts of cholesteryl esters becomes a hallmark of early stage of atherosclerotic lesions [2, 3] .
Acyl-coenzyme A:cholesterol acyltransferase (ACAT) is the key and exclusive intracellular enzyme catalyzing the formation of cholesteryl esters [3] . Two ACAT genes have been identified in mammals (named acat1 and acat2), and ACAT1 shows the major ACAT activity in macrophages [4, 5] for storing cholesteryl esters as lipid droplets to protect cells from the toxicity of free intracellular cholesterol [6] . In animals, several researches demonstrated that cholesteryl ester synthesis and ACAT activities in vitro were augmented in the aortic tissues of animals fed with highfat and high-cholesterol diets to induce atherosclerosis [7] . Also, certain ACAT inhibitors exhibited a direct anti-atherosclerotic effect within the arterial wall [8] . Taking together with other results, ACAT is suggested to contribute significantly to the development of foam cell formation in atherosclerosis [3] .
In some cholesterol-loaded cells, the cholesterol esterification was increased without changes in ACAT1 mRNA or protein expression levels, but with an increase of ACAT activity [9, 10] . In vitro studies of ACAT1 supported the hypothesis that the sterol-specific regulation of ACAT1 was mainly happened at the posttranslational level, involving allosteric regulation by its substrate cholesterol [11] . However, ACAT1 could also be regulated at the transcriptional level. In human macrophages, ACAT1 mRNA expression increased significantly during the differentiation of monocytes into macrophages [12] . Dexamethasone (Dex) treatment also promoted accumulation of cholesteryl esters in human macrophages [13] . Interferon-γ, a cytokine that exerts a number of pro-atherosclerotic effects in vivo, caused up-regulation of ACAT1 mRNA in mouse macrophages, human blood monocyte-derived macrophages and macrophage-like cells, but not in other cell types [14] . Yang et al showed that in monocytic THP-1 cells, the combination of IFN-γ and all-trans-retinoic acid (ATRA) enhanced the ACAT1 gene P1 promoter activity in a synergistic manner [15] .
In the current work, the effect of Dex on the ox-LDLinduced foam cell formation and the molecular mechanism of cellular cholesteryl ester accumulation were investigated. Our results indicated that Dex promoted the macrophage-derived foam cell formation in both quantity and extent at lower ox-LDL concentration, enhanced human ACAT1 expression both in mRNA and protein levels, and increased the activity of human ACAT1 gene P1 promoter in a cell-specific manner. Further experimental evidences showed that a glucocorticoid response element (GRE) located within human ACAT1 gene P1 promoter to response to the elevation of ACAT1 gene expression by Dex could be functionally bound with glucocorticoid receptor (GR).
MATERIALS AND METHODS

Reagents
Cell culture reagents and T4 DNA ligase were purchased from Life Technologies (Rockville, MD, USA). All the restriction enzymes and agarose were from Promega (Madison, WI, USA). Taq DNA polymerase and dNTPs were from Sino-American Biotech (Shanghai, China). All the oligonucleotides were synthesized with an automated DNA synthesizer in Institute of Biochemistry and Cell Biology, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences. Dexmathasone (Dex), phorbol myristate acetate (PMA), human low density lipoprotein (LDL), and lipoprotein-deficient fetal bovine serum (LD-FBS) were from Sigma (St. Louis, MO, USA). To oxidize LDL, human LDL was incubated with 20 µM CuSO 4 at 37°C for 24 h [16] . Goat anti-rabbit IgG, ECL detection reagent, and anti-GR antibody were from Santa Cruz Biotechnology (Santa Cruz, CA, USA). The nucleotide oligomers were synthesized with an automated DNA synthesizer in Institute of Biochemistry and Cell Biology, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences.
Cell culture
All cell lines were maintained in a basal medium as indicated, supplemented with 10% fetal bovine serum (FBS), 100 µg/ml kanamycin, 50 U/ml streptomycin at 37°C in a humid atmosphere of 95% air and 5% CO 2 . Monocytic THP-1 cells, kindly provided from Dr. Roger Newton, formerly (scientist) of Parke-Davis Pharmaceuticals (Ann-Arbor, MI), were grown in RPMI 1640 medium. To trigger differentiation into macrophage-like cells [17, 18] , THP-1 cells were seeded at a density of 2×10 6 cells per 60 mm dish and were grown in 5 ml of RPMI 1640 medium containing 10% FBS and PMA (0.1 µM) for 2 d. HepG2 and HEK293 cells were obtained from American Type Culture Collection (Rockwell, MD, USA). HepG2 cells were grown in DMEM medium and HEK293 cells were grown in MEM medium.
Lipid staining
THP-1 cells (1×10 6 ) were grown on cover slips in a 12-well plate with RPMI 1640 supplemented with 10% FBS and PMA (0.1 µM) for 48 h at 37°C to allow for differentiation into macrophages [17, 18] . Differentiated THP-1-derived macrophages were then treated with various concentrations of ox-LDL with or without ACAT1 inhibitor in RPMI 1640 containing 10% LD-FBS and 0.1 µM of PMA, in presence or absence of 1 µM of Dex for 48 h. The cells were fixed with 4% formaldehyde for 20 min, rinsed with water, dipped in 60% isopro-panol, and stained in oil red O for 15 min to identify lipid droplets containing cholesteryl esters. Cell nuclei were then stained in haematoxylin for a few sec. All procedures were performed at room temperature. Lipid droplet accumulation in the foam cells was evaluated by a microscope (Olympus Bx60) and divided into three grades +, ++ and +++, each standing for the intracellular lipid droplets occupied <1/3, 1/3-2/3, or >2/3 in cytoplasm. The total cell and foam cell numbers in each grade were counted, and the percentage of foam cells was calculated.
Chimeric constructs
The previously described wild type ACAT1 gene P1 promoter/ Luc construct [15] containing the -598/+34 region of human ACAT1 gene P1 promoter was used in this study to define luciferase activity in different cell lines. A fragment of -562/+34 in human ACAT1 gene P1 promoter was achieved by PCR with a fwd. primer (059F, 5'AAAGGTACCTTTTATTATTTGGTGCAG3') (italic: Kpn I site) and a rev. primer (063R, 5'AAAGCTAGCGGGCCCGCAACGTC3') with the Nhe I site (italic). After comfired by DNA sequencing , the amplified fragment was then inserted into the Kpn I and Nhe I sites of pGL2-E to generate the 5'-deleted ACAT1 gene P1 promoter/Luc construct, which was further used for luciferase activity assay in different cell lines.
Transfection
The human ACAT1 gene P1 promoter/Luc constructs were individually transfected into cells using the DEAE-dextran method [15, 19, 20] . Briefly, after washing twice with PBS, 1×10 6 THP-1 cells were transfected with 1.5 µg of human ACAT1 gene P1 promoter/ Luc construct as test sample and 0.75 µg of β-galactosidase expression plasmid pCH110 (Pharmacia Biotech) as internal control in 1 ml of transfection reagent (25 mM Tris-HCl, pH 7.4, 5 mM KCl, 0.7 mM CaCl 2 , 137 mM NaCl, 0.6 mM Na 2 HPO 4 , 0.5 mM MgCl 2 ) containing 150 µg of DEAE-dextran. The cells were incubated for 20 min at 37°C, washed once with FBS-free RPMI 1640, then resuspended in 5 ml of fresh RPMI 1640 with 10% FBS and plated at 2×10 5 cells/ml/ well in a 24-well plate. Cells were treated with or without Dex (1 µM) and/or PMA (0.1 µM) for 40 h. HEK293 and HepG2 cells were transfected with human ACAT1 gene P1 promoter/Luc constructs using the methods of calcium phosphate co-precipitation as described by Liu J et al [21] . Briefly, 1×10
5 cells/well cells were maintained in 1 ml of medium in 24-well plates for 24 h and were changed to fresh medium 2 h before transfection. For each well, the DNA/calcium phosphate precipitates containing 2 µg of human ACAT1 promoter/ Luc constructs and 1 µg of β-galactosidase expression plasmid pCH110 that served as an internal standard of transfection efficiency were added dropwise to the medium and incubated with the cells at 37°C for 9 h. Then, the cells were rinsed twice with phosphate-buffered saline (PBS), treated with or without Dex (1 µM), and further grown in culture medium for another 40 h.
Luciferase activity assay
The transfected cells were washed twice with cold PBS and lysed in 200 µl of reporter lysis buffer (Promega, Madison, WI, USA), vortexed for 5 sec and spun at 2000 g for 5 min at room temperature. 60 µl of the cell lysate was mixed with 60 µl of luciferase assay buffer (Promega) for luciferase activity measurement in an Auto Lumat BG-P luminometer (MGM Instrument Inc.). For β-galactosidase activity assay, the luminescent β-galactosidase detection Kit II (Clontech, Palo Alto, CA, USA) was used.
Reverse transcription-polymerase chain reaction (RT-PCR)
The total cellular RNA (4 µg) prepared according to the single step acid guanidinium thiocyanate phenol chloroform method (Trizol Regent, Life Technologies, Inc., Grand Island, NY, USA) was annealed with 0.5 µg of oligo-dT (18-mer in length) in a total volume of 20 µl, and the ss-cDNAs were synthesized with 1 µl (200 U) of moloney murine leukemia virus (MMLV) reverse transcriptase (Promega) at 37 o C for 60 min. The 1 µl of ss-cDNA products were added to a reaction mixture in a final volume of 50 µl containing 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 0.5 mM of each dNTPs, 0.5 mM of each pair of primers, and 2.5 U of Taq DNA polymerase. The PCR products (10 µl) were separated on the agarose gel and quantified by using the UVP Labwork Software (UVP Inc.). The forward/reverse primer sets used were: 5'GAGTCAA-CGGATTTGGTCG3'/5'GAAGTGGTGGTACCTCTTCC3' for GAPDH cDNA product (a 291-bp fragment); 5'AAAGGAGT-CCCTAGAG3'/5'GGATGAGAACTC TTGC3' for human ACAT1 cDNA product (a 558-bp fragment).
Preparation of protein samples and Western blot analysis
Cell lysates were prepared with lysis buffer (10% SDS in 50 mM Tris, 1 mM EDTA (pH 7.5), 50 mM DTT and protease inhibitor cocktail from Sigma), incubated at 37°C and sheared with a syringe fitted with an 18-gauge needle to homogeneity. Protein concentrations of the cell lysates were determined by a modified Lowry method [22] . The protein samples were then subjected to 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). After gel separation, the proteins were transferred to a nitrocellulose membrane. The membrane was blocked with 5% milk in TBST at room temperature (50 mM Tris-HCl, pH 7.6, 0.15 M NaCl, and 0.05% Tween-20) for 2 h, incubated with the affinity purified rabbit anti-ACAT1 antibidy DM10 (23) in 5% milk-TBST at room temperature for 3 h, and with HRP-conjugated goat anti-rabbit secondary antibody (Pierce, Rockford, IL, USA) for an additional 1 h. After incubation, the membrane was washed extensively with TBST and TBS (50 mM TrisHCl, pH 7.6 and 0.15 M NaCl), respectively. The immunoreactive band was visualized by using ECL detection reagent (Pierce).
Electrophoretic mobility shift assays (EMSAs)
Nuclear extracts were prepared from the THP-1 or Dex-treated THP-1 cells as previously described [15] . A synthesized DNA fragment relevant to the region of human ACAT1 gene P1 promoter served as the DNA probe. The nucleotide oligomers were synthesized for the wild type cDNA fragment -586 to -569 (5'CTTTTAGTTGTTCCATTATTT3'/5'CTTAAATAATG-GAACAACTAA3') with the overhangs (italic) for labeling, which contained the potential GRE (underlined). The DNA probe was prepared by mixing the above synthesized complementary oligomers in a buffer containing 500 mM NaCl, 200 mM Tris, pH 8.0, 10 mM EDTA, heating to 94°C for 10 min, and cooling to room temperature. Then the probe was labeled with Klenow enzyme by fill-in incorporation with the nucleotide triphosphates, including [α-
32 P]-dATP. The binding reaction mixtures (10 µl) contained 2 µl of binding buffer (50 mM Tris-HCl, pH 7.5, 5 mM MgCl 2 , 20% glycerol, 250 mM NaCl, 2.5 mM EDTA, 0.45 µg of poly (dI)-(dC) from Amersham Pharmacia Biotech Inc.) and different amounts of the nuclear extracts. For a competition assay, a 200-fold molar excess of cold probe was added to the reaction. To perform supershift assay, 1 µl of anti-GR antibody was added to the reaction. All these reaction mixtures were incubated at 25°C for 30 min, followed by adding 0.1 pM of the labeled probe and then incubated at 25°C for another 30 min. The samples were size-fractionated on a non-denaturing 4% acrylamide gel (29:1, mass: mass, acrylamide: N, N'-methylenebisacrylamide), running at 250 V for 3 h in 0.5×TBE buffer. The gel was subsequently dried and autoradiographed with PhosphorImager scanning system.
RESULTS
Effect of Dex on the macrophage-derived foam cell formation
In macrophages, the accumulation of cholesteryl esters synthesized by ACAT1 resulted in the foam cell formation, a hallmark of early atherosclerotic lesions [1, 2] . Isolation of foam cells from atherosclerotic plaques was difficult to perform, so in vitro system of the foam cell formation is very important for studying this change and the relevant molecular mechanism. Using ox-LDL, the macrophagederived foam cell formation was developed as an in vitro model [24, 25] . In this work, THP-1 cells differentiated into macrophages in vitro induced by the treatment with PMA [17, 18] , and the monocyte (THP-1)-derived macrophages in RPMI 1640 supplemented with the lipoprotein-deficient FBS (LD-FBS) were incubated with various concentrations of ox-LDL for 48 h, in presence or absence of Dex. It was observed that high concentration (100 µg/ml) of ox-LDL could significantly induce the foam cell formation consistent with previous reports [24, 25] . The treatment of either Dex or lower concentration of ox-LDL alone had no obvious effect on promoting the macrophage-derived foam cell formation ( (20 and 40 µg/ml) of ox-LDL and Dex, the huge amounts of oil red O stained lipid droplets were visible in macrophage-derived foam cells (Fig. 1A, Panel 4 ) and the macrophage-derived foam cell formation dramatically increase to near 30% of cells at the "++"/"+++" grades (Fig. 1B) . These results demonstrated that Dex (1 µM) could markedly promote the macrophage-derived foam cell formation both in quantity and extent at lower ox-LDL concentrations. This promoting effect could be also observed with treatment of various concentrations of Dex (data not shown). However, when incubated at high ox-LDL concentration (100 µg/ml) the effect of Dex on promoting the macrophage-derived foam cell formation could not be observed due to the already high extents of the macrophagederived foam cell formation, about 40% of cells reached to the "++"/"+++" grades (Fig. 1B) Further results showed that by the treatment of Dex together with ACAT inhibitors 58-035 ( Fig. 2A) or CI-976 (Fig. 2B) , the lipid droplets containing cholesteryl esters was obviously reduced in the THP-1-derived macrophages, indicating that the foam cell formation promoted by Dex at lower concentration of ox-LDL was a result of the enhanced ACAT activity or expression.
Up-regulation of human ACAT1 gene expression in THP-1 cells and THP-1-derived macrophages by Dex
It has been reported that two ACAT gene-encoding proteins (named ACAT1 and ACAT2) exist in mammals, and ACAT1 shows the major ACAT activity in macrophages [4, 5] . Dex is a kind of steroid drugs widely applied to treat a number of medical problems, including several inflammatory diseases [26] . However, there is little information regarding to the enhancement of ACAT1 expression by Dex during the formation of macrophage-derived foam cells. In this study, RT-PCR and Western blot were used to analyze ACAT1 expression in THP-1 cells and THP-1-derived macrophages with the treatment of Dex. The results showed that both the ACAT1 mRNAs (Fig. 3) and proteins (Fig. 4) were increased in the Dex-treated cells, indicating that Dex could up-regulate the ACAT1 expression in both THP-1 and THP-1-derived macrophages. In addition, this up-regulation of the ACAT1 expression by the treatment of Dex was supported in another monocytic cell line U937 (data not shown). These results suggested that the Dex-mediated enhancement of ACAT1 expression might act principally at the 
Elevation of human ACAT1 gene P1 promoter activity by Dex
Previous studies have demonstrated the structure of human ACAT1 gene and its P1 promoter region from -598 to +34 [15, 27] . In present work, the effect of Dex on human ACAT1 gene P1 promoter, which plays a major role in ACAT1 activation, was detected in the different cell lines transfected with wild type human ACAT1 gene P1 promoter/Luc construct [15] as test sample and plasmid pSV-β Gal as internal control. The transfected THP-1, THP-1-derived macrophage, HEK293 and HepG2 cells were treated with (+) or without (-) Dex, respectively. The luciferase activity assay results showed that the activity of human ACAT1 gene P1 promoter could be upregulated by Dex in both THP-1 cells and THP-1-derived macrophages, but not in HEK293 or HepG2 cells (Fig. 5) . Similar results were also seen in another monocytic cell line U937 and U937-derived macrophages (data not shown), indicating that Dex enhanced human ACAT1 gene P1 promoter activity in a cell-specific manner.
As a kind of glucocorticoid, Dex can bind to GR, a nuclear transcription factor, and thus regulate the expression of those genes containing the glucocorticoid response elements (GREs) at their promoters [28] . By using AliBaba2 Data Base, computer analysis showed a potential GRE, TGTTCCATTA (Fig. 6A, boxed, -581/-572) is within human ACAT1 gene P1 promoter. The further results of luciferase activity assay with the wild type (-598/+34) or 5'-deleted (-562/+34) human ACAT1 gene P1 promoter/ Luc constructs ( Fig. 6B and 6C , left panel) demonstrated that the deleted region (-598/-563) containing the potential GRE (-581/-572) was responsible to enhance human ACAT1 gene P1 promoter activity by Dex in both THP-1 cells (Fig. 6B, right panel) and THP-1-derived macrophages (Fig. 6C, right panel) . It was found that the potential GRE at human ACAT1 gene P1 promoter contained half of consensus GRE sequence GGTACAnnnTGTTCT (n can be any nucleotide of A, G, C, or T), but could be used as a functional GRE as previously reported [29] . To verify the binding of GR to this potential GRE, electrophoresis mobility shift assays (EMSA) were carried out by using a labeled probe (Fig. 6D, left panel) relevant to the -586 to -569 bp region of human ACAT1 gene P1 promoter. Various amounts of the nuclear extracts of THP-1 cells (Fig. 6D , lanes 2, 6 and 10) or Dex-treated THP-1 cells (Fig. 6D , lanes 3-5, 7-9, and 11-13) were tested. As shown in Fig. 6D , the specific DNA-protein bands were observed with the nuclear extracts from either THP-1 cells (lanes 2, 6, and 10) or Dex-treated THP-1 cells (lanes 3, 7, and 11), by comparing to those of adding 200-fold excess of the unlabeled cold probe (lanes 4, 8, and 12) and gradually increasing amounts of the nuclear extracts (6, 9 and 12 µg, respectively). It was clear that the amounts of the specific DNA-protein bands with the nuclear extracts from Dextreated THP-1 cells (Fig. 6D, lanes 3, 7, and 11) were significantly higher than those with the nuclear extracts from THP-1 cells (Fig. 6D, lanes 2, 6, and 10) . Gel supershift assays illustrated that the supershift bound bands (S indicated) could be formed by using anti-GR antibody (Fig. 6D, lanes 5, 9, and 13) , and the relevant GR-bound bands and complexes (arrowheads indicated) were observed in the lanes 2, 3, 6, 7, 10 and 11 of Fig. 6D , compared to the supershift bound bands. Also, the similar EMSA results were obtained by using the nuclear extracts from either THP-1-derived macrophages or Dex-treated THP-1-derived macrophages (data not shown).
Taken together, nucleotide sequence analysis, luciferase reporter assays, and EMSA showed that the cell-specific activity of human ACAT1 gene P1 promoter might be mediated by the GR-Dex complexe bounding to the functional GRE at the -581 to -572 bp of human ACAT1 gene P1 promoter region, indicating that the GR-Dex complex was functionally important for human ACAT1 gene expression.
DISCUSSION
In mammalian cells, the homeostasis of free cholesterol and cholesteryl ester is strictly controlled. However, the homeostasis was disordered in macrophages during the process of atherosclerosis [1] . Consequently, lipid-laden foam cells derived from macrophages are formed, which is a hallmark of early atherosclerotic lesions [2] . Here, we showed that Dex (1 µM) could promote the foam cell formation derived from macrophages in vitro, by increasing the accumulation of lipid droplets in macrophages at lower ox-LDL concentration. Actually, this promoting effect could be also observed with treatment of various concentrations of Dex (data not shown). Further results showed that Dex caused a up-regulation of human ACAT1 gene expression by enhancing the activity of human ACAT1 gene P1 promoter, which was a major factor leading to the activated ACAT1 to promote the formation of foam cells from the THP-1-derived macrophages. A Dex-affected region containing a glucocorticoid response element (GRE) was identified in human ACAT1 gene P1 promoter, meaning that the up-regulation of human ACAT1 gene expression by Dex might occur at the transcriptional level through GRE. During the development of atherosclerosis, chemically modified LDL, but not native LDL, is able to induce the formation of foam cells, and LDL oxidation is likely to be the most important form of modified LDL in human and in circulating human plasma [30] . However, the modified structures, distribution, and metabolism of ox-LDL present in vivo are poorly understood. Accumulating evidences had demonstrated that foam cells were formed from macrophages in vitro at high concentration (80-160 µg/ml) of ox-LDL [24, 25] . Moreover, our results demonstrated that Dex (1 µM) could promote the macrophage-derived foam cell formation at lower concentration of ox-LDL in vitro. It has also been reported that Dex increased the formation of cholesteryl esters in human smooth muscle cells and macrophages in a dose-dependent manner [13, 31] . Thus, the accumulation of lipid droplets appeared by lipid staining might mainly be caused by the increased cholesteryl esters during the formation of foam cells from the THP-1-derived macrophages, with the combined treatment of Dex and lower concentration of ox-LDL.
ACAT is the key enzyme responsible for intracellular cholesterol esterification to maintain the cellular cholesterol homeostasis [3] . Therefore, we examined if Dex could regulate the ACAT1 gene expression or not. Results showed that Dex could enhance the human ACAT1 gene expression at both the mRNA and protein levels in THP-1 and THP-1-derived macrophages. Dex also up-regulated the activity of human ACAT1 gene P1 promoter in THP-1 and THP-1 derived macrophages, but not in other tested cells. The action of Glucocorticoid hormone on cholesterol homeostasis might be mediated in several ways, including enhancement of cholesterol esterification, partial inhibition of cholesteryl ester hydrolysis and redistribution of cholesterol [32] . Our finding that Dex could promote the foam cell formation at lower ox-LDL concentration might be partily caused by the up-regulation of ACAT1 gene expression at the transcriptional level and the enhancement of cholesterol esterification. Our study provides the experimental evidence for understanding that Dex in clinical treatment accelerated or exacerbated the development of atherosclerosis [33, 34] .
Activation of GR by Dex is a multi-step process that involves the ability of the receptor to recognize and bind to Dex, undergo a Dex-dependent structural transformation, translocate into the nucleus, and identify target genes by binding to GRE [28] . Additionally, GR can function at three levels: recruitment of the general transcription machinery; modulation of transcription factor action, independent of DNA binding, through direct protein-protein interactions; and modulation of chromatin structure to allow the assembly of other gene regulatory proteins and/or the general transcription machinery on the DNA [28, 35, 36] . In this study, sequence deletion analysis and EMSA indicated that there was a functional GRE at human ACAT1 gene P1 promoter and the GR-Dex complexes could bind to this element to modulate the human ACAT1 gene P1 promoter activity. Through this way, Dex up-regulated the human ACAT1 gene expression to accelerate the cholesteryl ester synthesis in macrophages, thus promoted the foam cell formation. As a hormone-like ligand, Dex plays a role in the transcriptional regulation of human ACAT1 gene. The elaborate molecular mechanism(s) for Dex-enhanced human ACAT1 gene expression remains to be elucidated.
This work demonstrated that Dex could promote the foam cell formation at lower concentration of ox-LDL in vitro by enhancing the human ACAT1 gene expression, and might serve to explain the increasing incidence of atherosclerosis in the clinical treatment with Dex.
